Introduction
. Specialist Information and communication technologies (ICTs) affect skills are required to produce ICT products and service many aspects of people's daily lives and workplaces. In those products. Generic ICT skills facilitate the use of 2016, 76 percent of Canadians owned a smartphone, and ICT products and technologies to carry out tasks at home approximately 71 percent possessed a laptop or netbook and at work. Skills that complement ICT technologies computer (Statistics Canada 2017) . Digital technolopermit individuals to efficiently execute a wide variety gies have also changed the practices and operations of of tasks-ones that are not always directly categorized as businesses and governments (OECD 2017) , and having ICT tasks-in technology-rich environments. ICT-related skills is essential for workers to participate
In this article, we focus on the intersection of immiin the digital economy (Cameron and Faisal 2016; ICTC gration and the labour market demand for ICT skills. 2016a). ICT skills are sometimes categorized as specialist As a major immigrant-receiving country, Canada is, in or advanced, generic, and complementary (OECD 2017;  broad terms, interested in understanding immigrants' integration into the digital economy because the demand for general-purpose technology skills (i.e., generic and complementary ICT skills) is increasing (OECD 2017) . Immigration is also sometimes posited as one avenue to address specialist-advanced ICT-related labour and skills shortages in the Canadian economy. For example, the ICTC (2016a) reports that 877,470 ICT professionals were employed throughout the economy as of December 2015, and it proposes that 182,000 additional hires will be needed by 2019 (see also ICTC 2011 ICTC , 2016a Nordicity 2012; OECD 2017) . 1 Given the data used in this analysis, there are limits to what can be said regarding the recruitment of ICT specialists, although some useful information is presented. In contrast, the data are well suited to the first, more broad-based goal of looking across immigrationrelated population subgroups to document levels of basic ICT skills and estimate the deployment and economic rates of return to such skills in the labour market.
Alongside projections of ICT labour and skills shortages, technology advances are simultaneously associated with decreasing future labour demand in general. Johal and Thirgood (2016) argue that approximately one million workers may lose their jobs in the next few decades, and, as a result of the rise of automation, part-time or temporary jobs may replace many Canadians' full-time or permanent positions. Related to this, Acemoglu and Restrepo (2017) find that robots or computer-assisted technologies have a negative influence on employment and wages. They estimate that one extra robot per thousand workers reduces wages by 0.25-0.50 percent and employment by 0.18-0.34 percentage points. However, Autor (2015) argues that automation can be both a substitute and a complement to labour. Coupled with the evidence discussed earlier, OECD (2017) suggests that the skills embodied in the workforce are a key concern for economic growth and emphasizes the importance of ICT-related skills (re-)training to facilitate the effective use of these technologies.
The intersection of the labour market integration of immigrants and the increasing demand for ICT skills, both advanced and generic, is much discussed but not well understood. Moreover, in Canada foreign-trained workers, including those in the ICT sector, face skill mismatches, including those resulting from differences in education systems, language barriers, and ethnic discrimination (Clarke and Skuterud 2016; ICTC 2016b; Picot and Sweetman 2012; Warman, Sweetman, and Goldmann 2015) .
We document the distribution of immigrants and Canadian-born individuals across ICT industries and occupations, as well as the self-reported use of various technologies in the workplace, including complex ICT skills and programming. Moreover, we use a direct measure of basic skills related to problem solving in technology-rich environments from Statistics Canada's 2012 Survey of Adult Skills, which is a part of the OECD's Programme for the International Assessment of Adult Competencies (PIAAC; OECD 2012) . This survey measures a combination of generic ICT skills and skills that are complementary to ICT. This direct measure is not intended to quantify specialist skills, although some observers might expect highly skilled ICT specialists to also have high levels of basic ICT skills. Indeed, if they do not, then such specialist workers' capacity to recover in the face of negative economic shocks may be limited, a phenomenon observed in the so-called ICT bust documented by Picot and Hou (2009) . In the rapidly evolving ICT sector, career advancement and employment transitions may also be affected if workers' skill sets, though advanced, are extremely narrow.
Of course, there is a high correlation between the ICT scores used and numeracy and English or French literacy. Moreover, the basic ICT test is written in English or French. Thus, the measured ICT scores likely also reflect other skills, especially English or French proficiency. As posited by Warman et al. (2015) , it seems reasonable to assume that workplace language and communication skills mediate the use of other skills. Overall, these scores reflect the ability to undertake a range of basic ICT-related tasks in an English or French work (or home) environment, not the skills required for advanced ICT tasks.
We also extend the broad literature on immigrants' labour market integration. On this dimension, we distinguish between adult immigrants (i.e., the first generation) and child immigrants (termed the 1.5 generation). We also differentiate between Canadians at birth born outside of Canada who have at least one parent who is a Canadian citizen and, for those born in Canada, we distinguish between children who have at least one immigrant parent (i.e., second-generation immigrants) and Canadian-born children of two Canadian-born parents (i.e., thirdgeneration immigrants or, perhaps more accurately, the third-plus generation). We also align our analysis with immigration policy by contrasting across immigration classes. Previous analyses by immigration class (Aydemir 2013; Warman 2010, 2013) and immigrant generations (Sweetman and Van Ours 2014) relative to domestic citizens at birth are relevant background. Finally, we also separately identify temporary residents (consisting of temporary workers, foreign students, and others), given the increasing interest in this group (e.g., ElAssal and Sweetman 2016; Sweetman and Warman 2014) .
Although we focus on basic ICT skills, research involving literacy and numeracy skills in the labour market, especially for immigrants, is relevant to this study. Green and Riddell (2003) , using the Canadian portion of the 1994 International Adult Literacy Survey, find that controlling for literacy skills in earnings regressions reduces the coefficient on years of schooling. In their international comparison of the returns to numeracy skills, Hanushek et al. (2015) estimate that a 1 percent increase in numeracy is associated with an 18 percent increase in earnings. At the intersection of these measured skills and immigration, Ferrer, Green, and Riddell (2006) observe that differences in literacy skills explain about two-thirds of the earnings gap between university-educated native-born individuals and immigrants and eliminate differences in the rate of return to education. At a more aggregate level, Li and Sweetman (2014) observe that for adult immigrants, higher average test scores for source country education systems are associated with higher rates of return to education in the Canadian labour market. Overall, this literature points to the high value placed on literacy and numeracy skills in the labour market and their correlation with rates of return to education.
Even though male immigrants who entered under the points system are more likely to have jobs involving complex ICT skills and computer programming, we observe that these individuals, together with other foreign-educated individuals, are on average less proficient according to our basic ICT measure than third-generation Canadians. This deficit is in general made stronger by controlling for characteristics including the highest level of education attained. This may be consistent with the labour market fragility of immigrants in adjustments subsequent to a negative economic shock in the ICT sector, such as that documented by Picot and Hou (2009) . In contrast, young immigrants-those who arrive in Canada at age 12 years or younger-have basic ICT proficiency comparable to third-generation Canadians, and second-generation Canadians on average have better problem-solving skills using digital tools than third-generation Canadians. However, this advantage is entirely accounted for by different levels of education, consistent with Aydemir and Sweetman (2008) . Overall, the results suggest that although adult immigrants disproportionately fill ICT-related positions, they are on average not as proficient in basic ICT skills as Canadians by birth and young immigrants.
More importantly, we observe an appreciable economic return in the labour market to having modest levels of even the basic ICT skills (as opposed to no ICT skills whatsoever or very minimal skills), and this return exists even after taking literacy and numeracy into account. That is, even though our measure of ICT skills encompasses only very basic tasks, our evidence suggests that there is a very substantial earnings premium at the very low end of the scale. This return exists even when controlling for literacy and numeracy. Although our observations are non-causal, they point out the substantial potential economic value of ICT skills beyond the most basic levels for immigrants and non-immigrants alike. If the results reflect, even in part, a causal impact of these skills, then programs to provide very basic ICT skills would have a substantial rate of return. These skills could potentially be incorporated into the curriculum of English and French language training programs already offered to new immigrants at low (or zero) cost. Such basic skills seem to be associated with workers who are far from specialists but who engage in the digital economy in a manner that is rewarded in the labour market. Moreover, the introduction of these extremely basic skills could be incorporated into many skills training programs provided by, for example, Employment Insurance Part II for the general population. This need not be an expensive undertaking; it could be accomplished by adjusting the curriculum of existing programs.
Our analysis suggests that a one-standard-deviation increase in the basic ICT score, on average, translates into 7 percent higher earnings for both men and women. We also find that the labour market does seem to reward foundational ICT skills proficiency at an equal rate between immigrant and Canadian groups within sex. The earnings gaps between each immigrant category relative to third-generation Canadians are rendered statistically insignificant when controlling for ICT, literacy, and numeracy test scores. Both young immigrants who undertake a substantial portion of their education in Canada and second-generation Canadians have problem-solving abilities in technology-rich environments similar to their third-generation counterparts and make a marked contribution to the ICT workforce.
Data and Descriptive Statistics
We use Statistics Canada's 2012 Survey of Adult Skills, which is a product of the OECD's PIAAC (OECD 2012 (OECD , 2013a (OECD , 2013b . It collects information on labour supply, wages, education, and a range of demographic characteristics. Crucially, it assesses three key information-processing competencies of individuals by evaluating their proficiency in literacy, numeracy, and problem solving in technology-rich environments (i.e., basic ICT skills; OECD 2013a). We focus on the last of these components, which assesses how effectively individuals use ICT tools to solve simple tasks, rather than measuring advanced ICT skills (Rouet et al. 2009 ). The measurement scale ranges from zero to 500. PIAAC 2012 uses classical item response theory and a multiple imputation method to derive 10 plausible values for each test score. Also, a survey weight is provided for each respondent. See Appendix A for a discussion of how estimation is undertaken in the presence of these survey design issues.
Online Appendix Table B .1 examines the correlations between the three tests for various subsamples of the data. The results are similar across subsamples. For the entire sample, literacy and numeracy are the most highly correlated at 0.87, whereas numeracy and the basic ICT score are the least correlated at 0.75. It is unclear to what extent the tests measure the same underlying skills versus the degree to which distinct underlying skills are positively correlated across individuals.
Our sample for analysis includes 16,379 individuals aged 22-59 years who have valid information on all relevant variables other than ICT score. Among these, 13,547 have valid ICT scores.
2 For some of the analysis, we also categorize workers into ICT and non-ICT occupations and industries as defined in Appendix Table A.1. However, the sample size is too small to permit us to look at ICT occupations within ICT industries. Because of a concern that high earning outliers may be driving some of the results, in the body of the article we use data with the top half of 1 percent of earnings Winsorized. That is, all earnings in the top 0.5 percent are capped at the 99.5 percentile of earnings. Online Appendix B presents a number of tables that do not use this restriction, and the results are, despite this concern, essentially unchanged.
By immigration status and sex, Table 1 displays mean test scores and employment distributions for ICT and non-ICT occupations and industries. Focusing first on the employment distribution across occupations for male immigrants, it can be seen in Table 1 that about 11.0 percent of immigrant men work in ICT occupations, compared with only about 5.2 percent of Canadian-born men. Clearly, immigrant men are disproportionately employed in ICT occupations. When the sample is restricted to those with an ICT score, the percentage of immigrant men in the ICT industry increases to 13.7 percent, whereas the Canadianborn share increases only slightly to 5.8 percent. That the share of workers in ICT occupations increases, and increases more considerably for immigrants, reflects the dissimilar probabilities of respondents having insufficient skills to do the ICT test. These issues are pursued in Tables 2 and 7. In contrast to men, immigrant and Canadian-born women are approximately equally as likely to work in ICT occupations, but for both the probabilities are only about 2 percent. Looking at the test scores, workers in ICT occupations have higher ICT, literacy, and numeracy scores compared with those not in ICT occupations. Also, in the ICT industry, Canadian-born individuals have higher average scores in all three categories than do immigrants.
Turning to industries, in the lower half of the table, immigrant men are again more likely to work in ICT than Canadian-born men, although the reverse is true for women. Note that each industry includes a wide variety of occupations (e.g., an accountant or janitor might work for a firm in an ICT industry). The patterns of test scores are broadly similar for men by industry and occupation, but the pattern is less clear-cut for women.
In terms of immigration status, as depicted in Table 2 we classify the population into the nine exhaustive and mutually exclusive categories of refugee, points-based immigrants, family-reunification immigrants, and other immigrants (including, e.g., the live-in caregiver stream and unknown or refused); temporary residents; young immigrants (arrived at age 12 years or younger regardless of their parents' immigration class); and Canadians by birth who were born abroad or are in the second or third generation. Separately, those who do not have basic ICT scores are grouped into four categories: no prior computer experience, failed ICT core tests, refused to attempt computer-based assessment, and others with no ICT score. Because this last (very small) group is not clearly defined by Statistics Canada, we exclude these individuals from our sample.
The percentage of each subgroup not taking the computer-based assessment, the distribution of scores of those taking it, and the population share of each subgroup are presented in Table 2 . Approximately 38 percent of those in both the refugee and the family reunification categories did not take the ICT test (a dramatically higher rate than that for young immigrants or the second generation). Large differences in the distribution of levels of basic ICT skills can also be seen across these groups for those able and willing to take the test. Roughly 48-55 percent of young immigrants, the second generation, and Canadians by birth born outside of Canada are likely to score in the highest third of test takers, whereas only 7 percent of refugees and 15 percent of family reunification immigrants are likely to do so. Surprisingly, only 29 percent of points-based immigrants who wrote the test scored in the top third. Overall, there are dramatic differences in ICT usage and basic skills across these population categories. Although we can only speculate about the relationship between specialist ICT skills and these basic skills, some concern may be warranted regarding ICT specialists, many of whom, as we show, are in the points-based immigrant stream and are unable to score in the high category on this relatively simple test. Table 3 shows average characteristics by population subcategory. The upper part of the table shows average literacy, numeracy, and basic ICT scores. Apart from those who arrived at a young age, immigrants (even pointsbased immigrants) have, on average, lower scores than the Canadian categories on all three tests. Looking at the demographic characteristics, the average age at immigration for young immigrants is around 6 years, so most received the bulk of their formative education in Canada. As has been observed previously (e.g., Sweetman and Van Ours 2014) , the Canadian education system appears quite effective in integrating young immigrants. For Canadians born overseas, age at immigration should be interpreted as the average age at which they permanently moved to Canada. Also notable is that temporary residents are, on average, five to 11 years younger than individuals in other categories. Also, immigrants in the refugee, family reunification, and other immigration categories as well as temporary residents have noticeably lower average wages than all the others. Finally, foreign-born individuals are also much more likely to reside in large urban population centres; compared with the third generation, these groups on average operate in relatively different labour markets and face different competition in the labour market. Turning to education, in the bottom panel of Table 3 , approximately 65 percent of points-based immigrants hold a bachelor's degree or higher, which is by far the highest proportion across categories and contrasts with their test scores further up the column. However, the educational distribution of the third generation and refugees is quite surprisingly similar, with only about 24-25 percent having at least a bachelor's degree. Among those with a postsecondary education, the proportion whose field is in science, technology, engineering, or mathematics (STEM) is markedly higher among the points-based category than any other, with temporary residents having the secondhighest share. Refugees with a college or trade diploma have a higher percentage with a STEM field of study than do either the second-or third-generation Canadians with diplomas. Most immigrants, except for young immigrants, complete their highest level of education outside of Canada. The vast majority of young immigrants and the second and third generation attain their highest level of education in Canada, with Canadians born overseas having an intermediate percentage.
The PIAAC includes a variety of useful questions regarding computer use at work that are analyzed in Table  4 for those employed at the time of the survey.
3 Each question is, or is converted into, a simple yes (dependent variable equals 1) or no (dependent variable equals zero) question, and the models are estimated using a linear probability model. 4 Coefficients from a set of age-adjusted regressions exploring differences across the population groupings are presented (with two sets of population subgroups, as seen in Table 4 ) with the women variable interacted with each of the population subgroup variables. The age variable is adjusted by subtracting 40 from each respondent's age so that the constant reflects the probability of a positive response for an average person in the omitted or comparison group: a 40-year-old male third-generation Canadian. All other population subgroup coefficients represent average age-adjusted differences relative to that category.
As seen in Table 4 , among men, points-based and young immigrants and the second generation are statistically more likely than the Canadian-born third generation to use a computer at work, whereas refugees or family reunification immigrants are less likely to do so (with some groups collapsed for sample size considerations). With exceptions, this basic pattern continues for men across the next three columns looking at the use of email, Excel, and Word. Subsequent columns address highly skilled ICT tasks: whether respondents undertake computer programming at work or whether their job requires complex ICT skills. In these cases, point-based immigrants have a uniquely high probability of working in jobs requiring these more technical ICT skills-for point-based immigrants, this is a nontrivial difference illustrating immigrants' connection to the ICT sector (IRCC 2017). However, the differences across the other population Turning to women, the third generation is more likely subgroups are much smaller and statistically insignificant.
to use a computer and to do word processing at work Although they are more likely to use a computer at work, than their male counterparts, but less likely to program young immigrants and second-generation Canadians computers or to have a job requiring complex ICT skills. have an equal probability of working at jobs that require It is perhaps surprising that points-based female immicomplex ICT skills compared with the third generation.
grants are not more likely to use computers at work than Paradoxically, but perhaps consistent with the results seen third-generation women, and they are less likely to be in the previous tables, points-based male immigrants are employed in jobs requiring complex ICT skills. Indeed, more likely to report lacking the requisite ICT skills for all the female groups are less likely to have jobs requirgetting a new job or a promotion, although they report a ing computer programming or complex ICT skills than similar (marginally higher) probability of having sufficient third-generation men. -40] 2 /100).We include only individuals who were currently employed at the time of the survey. However, we have dropped individuals who have missing information for each respective column.We used the ordinary least squares method to calculate point estimates using all given plausible values of basic ICT scores in PIAAC 2012. ICT = information and com munication technologies; PIAAC = Programme for the International Assessment of Adult Competencies. a "Do you use a computer in your current job?" (1 = yes; 0 = no). b "In your current job, how often do you usually use email?" (1 = some use of email, ranging from less than once a month to every day; 0 = never used). c "In your current job, how often do you usually use spreadsheets software, for example, Excel?" (1 = some use of Excel, ranging from less than once a month to every day; 0 = never used). d "In your current job, how often do you usually use a word processor, for example,Word?" (1 = some use of Word, ranging from less than once a month to every day; 0 = never used). e "In your current job, how often do you usually use a programming language to program or write computer code?" (1 = some use of pro gramming language, ranging from less than once a month to every day; 0 = never used). f "What level of computer use was needed to perform your current job?" (1 = individuals who answered "complex"; 0 = everyone else [straightforward and moderate]). g "Do you think you have the computer skills you need to perform your current job well?" (1 = yes; 0 = everyone else). h "Has a lack of computer skills affected your chances of being hired for a job or getting a promotion or a pay raise?" (1 = yes; 0 = everyone else). * p < 0.05; ** p < 0.01; *** p < 0. density plots of the distribution of ICT scores for each of the immigrant groups compared, in each case, with the third generation, which serves as a benchmark. Figure 1 looks at the subpopulation with a high school diploma or less, and Figure 2 focuses on those with a bachelor's degree or higher. It is evident from these figures that analyses of the means of the distributions mask substantial heterogeneity. Nevertheless, for some of these groups, the distributions have quite different shapes, with the differences almost everywhere being more substantial among those with a higher level of education (except for young immigrants and the second generation, which have distributions virtually identical to those of the third generation in both education categories). Universally, the Canadian-born third generation with at least a bachelor's degree has a distribution of ICT skills, as measured by this OECD metric, that is equivalent to or to the right or higher than (stochastically dominates) those of the other groups. An interesting finding is that the distribution of ICT skills for the points-based immigrants looks somewhat similar for those with high school and university education. Indeed, the distribution for both looks very similar to that for the third generation with high school, but recall that the samples are restricted to those with sufficient skills to write the test.
empirical Framework
The analysis consists of two parts. In the first, we examine the correlates of basic ICT scores by subpopulation category and sex. In the second, we look at the share of earnings gaps among categories of immigrants and Canadians that can be explained by differences in basic ICT scores. We used multivariate ordinary least squares (OLS) models (methodological details can be found in Appendix A). For these regressions, respondents' test scores have been standardized to a mean of zero and variance of one. In the first stage of the analysis, therefore, the units of the coefficients are standard deviations of test scores. Test scores are specified linearly; as shown later in Table 7 this misses an important nonlinearity, but experiments with various specifications find it to be a compact approach to presenting the results that does not appreciably affect the findings of interest.
In all regression analyses, the nine population subgroups are entered as dummy variables, with the indicator of the third generation as a comparison or omitted group. The covariates used change across specifications, as indicated in each table. These covariates include age and its square, education (less than high school, high school diploma, post-secondary education [PSE] less than a bachelor's degree [college or trade school], and PSE with a bachelor's degree or higher), and location of residence (11 provincial and four rural-urban indicators). We also control for whether individuals obtained their highest education in a foreign country and whether individuals graduated with a STEM degree. In the earnings regressions, the test scores are covariates. Interactions of various regressors are also undertaken in some specifications. Variables are entered cumulatively from left to right, so the leftmost model is the base case, and each subsequent model has the same regressors as that to its left plus additional ones.
results

Differences in Basic ICT Scores between Immigrant and Canadian-by-Birth Categories
In Table 5 , we compare ICT scores for different subpopulation groups with those of the third generation.
Columns (1) and (5) show base OLS results for men and women, respectively, controlling only for age and its square. Consistent with the findings in Table 2 , adult immigrants have lower average ICT scores than thirdgeneration Canadians. Perhaps surprising, given the results in Tables 3 and 4 showing that they have higher levels of education, points-based immigrants are more likely to work in jobs requiring complex ICT skills and to live in urban areas; among immigrants selected through the points system, for which the principal applicant (most commonly a man for families) is assessed, men score about 0.18, and women score about 0.41, and their standard deviations are below those of third-generation Canadians of the same age, which is an appreciable gap.
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Among both men and women, all adult immigrants and temporary residents score lower than third-generation Canadians. In contrast, young immigrants and Canadians born overseas have point estimates that are positive in three of four instances, although the coefficients are not statistically significantly different from zero. This is consistent with Schaafsma and Sweetman (2001) and Hou and Bonikowski (2016) , who suggest that young arrivals have, on average, outstanding labour market outcomes. Second-generation women score statistically significantly higher than their third-generation counterparts of the same age. n/a n/a n/a n/a foreign education Other covariates Adding control variables for highest educational attainment, plus province and rural-urban residence, in columns (2) and (6) of Table 5 increases the magnitude of the gaps for all adult immigrant categories. Immigrants have, on average, not only lower scores controlling just for age but much lower scores relative to the third generation given their education and location of residence.
Columns (3) and (7) introduce a coefficient for having a STEM degree, as well as interactions between the education variables and having received one's highest level of education outside of Canada. Universally, the population subgroup test score gaps narrow relative to the previous columns. The coefficients on foreign education level for both sexes are negative but statistically insignificant. Recall from Table 3 that just less than 75 percent of points-based immigrants completed their highest level of schooling outside of Canada and that the share for all the other groups, except temporary residents, is lower.
8
Men with a Canadian university-level STEM degree and women with a college or trade school diploma or university degree in STEM have higher ICT scores. The estimates for the interaction of STEM with foreign education are negative, economically large, and statistically significant for men with university education. For women, the point estimates are negative but not statistically significant. Overall, except for men with Canadian STEM diplomas at the college or trade school level, this seems to suggest that those with Canadian STEM credentials have higher ICT scores than those without such credentials. However, this is, surprisingly, not the case for those with foreign STEM degrees. Foreign university degrees, particularly those in STEM for men, appear to be associated with appreciably lower basic ICT scores than those with similar Canadian degrees.
Finally, columns (4) and (8) introduce the literacy and numeracy scores as predictors of ICT scores. As noted earlier, the three are highly correlated. Thus, R 2 for both regressions is substantially higher than for those previously estimated. Adding these two variables renders all other coefficients statistically insignificant for men, except for-quite importantly-the interaction for men who have a foreign university degree in STEM, for which the coefficient remains large and statistically significantly negative. Foreign university STEM degree holders appear to have deficits in basic ICT skills that go beyond literacy and numeracy.
The relationship for women is somewhat different. The points-based and family reunification category coefficients remain statistically significantly negative, as does the bachelor's degree coefficient. The pattern of ICT skills is different for men and women; that is not surprising given the evidence in the preceding tables regarding the differing propensity to work in ICT.
These results imply that points-based immigrants and those with foreign, especially non-English, university degrees in STEM, appear to be not as proficient in using digital technologies to solve problems as the Canadian educated. It is worth recalling that this is part of the OECD's international measurement effort and is not measuring Canada-specific ICT skills. Nevertheless, in the Canadian context, the tests are written in English or French, and the ability to communicate the existence of basic ICT skills may be obscured by English or French language difficulties. Inasmuch as Canadian workplaces rely on knowing English or French, any such skills that are not captured by this measure (should they exist) may not readily be usable in the workplace. Similar to the Table 6 shows results pertaining to the determinants of log hourly wages by sex. In this analysis, we include in the sample individuals who have valid ICT scores and hourly wages.
The estimates in columns (1) and (5) of Table 6 compare earnings across population categories conditional only on age.
9 Subsequent columns introduce additional controls, and the analysis is, in part, interested in changes in the population category coefficients across specifications. Controlling only for age, male and female points-based immigrants have n/a n/a n/a −0.086 n/a n/a education (0.394) hourly wages comparable to those of the third generation. Family reunification and temporary residents have lower hourly earnings than the third generation. For women, additional coefficients are statistically significant.
10
Columns (2) and (5) add controls for education, including interactions with foreign education, and for the province and rural-urban residence. The gaps relative to the third generation for points-based male immigrants grow more negative and become statistically significant. This largely reflects points-based immigrants having higher levels of education. Once controls for education are added, points-based immigrants are expected to have higher earnings.
We introduce basic ICT scores in columns (3) and (7). A one-standard-deviation increase in ICT score is associated with about a 7 percent increase in wages, with both men and women receiving identical rates of return on ICT skills. Additional specifications akin to columns (3) and (7) introduce interactions of each of the nine population categories with the ICT skills measure. F-tests fail to reject the null hypothesis that the rate of return to ICT skills is the same for all the population groups (p = 0.678 for men and 0.720 for women). The labour market also seems to reward these skills at an equal rate for all groups within each sex.
Literacy and numeracy test scores are introduced in columns (4) and (8). Of course, these are highly collinear with each other and with the ICT scores. Nevertheless, a one-standard-deviation increase in numeracy scores translates into 8 percent and 5 percent higher earnings for men and women, respectively, even when ICT skills and literacy are taken into account. Numeracy appears to have a strong independent and appreciable impact on earnings. Controlling for all test scores renders all the population group coefficients statistically insignificant. However, having foreign education, especially PSE, continues to be associated with lower earnings.
11
Looking at the education control variables, even with all three test scores in the regression, education, and particularly university education, still affects earnings, as does having a STEM diploma at the college or trade school level for men. The value of higher education goes beyond basic test scores. Almost universally, foreign education seems to have a lower return than that obtained in Canada. Although specified differently, rendering the results not entirely comparable, these results differ qualitatively from some of the earlier literature, such as Ferrer et al. (2006), who find that test scores explain much of the difference in the rates of return to education for immigrants and the Canadian born.
12
Individuals with Valid Hourly Wage, but ICT Score May Be Missing Table 7 is similar to Table 6 , but it includes respondents who did not write the ICT test and also relaxes the linear specification of ICT scores. We separate individuals into six mutually exclusive and exhaustive categories: no prior computer experience; failed ICT core test; refused to take computer-based tests; and low (< 241 points; the omitted or reference group), medium (241 to < 291 points), and high (≥ 291) basic ICT scores. As in Table 6 , the first column for each sex does not control for the education and geographical variables; these covariates are added in columns (2) and (5), and those for literacy and numeracy models in columns (1) and (4), the earnings advantage scores are subsequently included in columns (3) and (6).
13
persists when we control for education in columns (2) In these regressions, those undertaking the basic ICT and (5) and, remarkably, even when we control for both tests, and scoring in the bottom category, are the base literacy and numeracy skills in columns (3) and (6). The group against which others are compared. In column last results contrast with those of Table 6 , where the return (1), men who reported no computer experience have to basic ICT skills was rendered statistically insignificant the lowest earnings of all six categories, and those who by the introduction of literacy and numeracy. We attribute refused the preliminary ICT test that would determine the difference to functional form issues. It seems plausible whether the computer-based test was feasible have earnthat there are nonlinearities that cannot be captured in ings comparable to the lowest scoring group. In contrast, a low-order polynomial. Having very low levels of ICT the coefficients for all three reasons for not taking the skills is associated with a substantial earnings deficit: if computer-based test are not statistically significant for there is a causal link, the attainment of quite modest ICT women (although the coefficient for those with no comskills would bring appreciable benefits. puter experience is estimated very imprecisely). That
Turning to the population subgroup coefficients, for indicates that, for women, the earnings for these three both sexes the pattern of coefficients in columns (1) and categories of those for whom we do not have an ICT score (4) show that most immigrant groups have negative point are on average not statistically different from those in the estimates that are sometimes quite large and statistically lowest ICT score category (< 241 points), whereas having significant. However, and in contrast to the earlier results, no computer experience seems deleterious for men.
both points-based and young immigrants now have coeffiThe results in Table 7 also suggest that higher than mincients that are small and statistically insignificant. Also, imum basic ICT scores lead to markedly higher earnings.
except for second-generation female Canadians in the Interestingly, the ICT coefficients for men and women are absence of controls, the coefficients for the two Canadian broadly similar. Although attenuated compared with the groups included in the regression are not different from the omitted third generation. The coefficients on education, although somewhat different from those in Table  6 , tell a similar story except for university graduates in STEM, for which the coefficient is now close to zero and statistically insignificant. Men with foreign degrees, and especially foreign STEM diplomas at the college or trade school level, appear to have sizable earnings deficits even after controlling for the various measures of skills.
Conclusion
This article focuses on the basic ICT skills used in everyday life rather than on advanced ICT skills used by experts, although it is hard to believe that individuals would have advanced skills without these foundational ones. At least, highly specialized individuals able to use specific advanced ICT skills without basic skills are likely to have few opportunities for advancement and alternatives in the labour market should their current employment end.
We look at individual proficiency in ICT in all sectors of the economy, as opposed to just ICT industries and occupations, although we also address those areas. The data suggest that basic ICT skills are broadly valued in the labour market-their reputation as general-purpose technology seems warranted. Higher basic ICT skills are associated with appreciable increases in earnings. Of course, these skills are highly correlated with a range of other skills. Our data show that male immigrants are disproportionately likely to be working in ICT occupations and industries. Even so, on average their basic ICT skill level is not as high as that of Canadian-born individuals. Although we can say nothing about exceptional individuals (industry leaders) in this type of analysis, the broad-based ability to solve problems in the technologyrich environment should be of concern to government and all of society. Our study demonstrates that the labour market rewards basic ICT proficiency equally across immigrant status and sex. However, the data suggest that immigrants educated outside of Canada-even those entering in the points-based class-are, on average, not as proficient in basic ICT skills as third-generation Canadians, even after controlling for literacy and numeracy skills. This may be hindering their integration into the labour market. One interpretation of these findings is that adult immigrants would benefit from even minimal levels of basic ICT skills development. Such training might, for example, be built into the curriculum of the language training courses offered to new immigrants. Indeed, all Canadians without such skills would benefit from such training, which could be introduced into programs such as those provided by Employment Insurance Part II, perhaps at minimal cost. However, young immigrants and second-generation immigrants have excellent outcomes that are on par with those of third-generation Canadians. Tables B.3 and B.4 examine the probability of working in an ICT industry or occupation in a framework similar to that in Table 4 . For men, points-based immigrants and other immigrants are more likely to work in an ICT industry, and points-based immigrants and young immigrants are more likely to work in an ICT occupation. 6 We thank a referee for suggesting that the ICT score deficiency may be concentrated among immigrants not working in jobs using ICT skills. Online Appendix Tables B.5 and B.6 in turn look at the differences in basic ICT scores for individuals who use a computer or who use programming and complex ICT skills at work. The coefficients for the immigration subgroups remain negative, but some are no longer statistically significant at conventional levels. However, the coefficients for points-based immigrants are statistically significantly negative for men and (usually) for women. The ICT skill gap appears to exist in various contexts. 7 An F-test of the interaction between working in an ICT industry (occupation) and the population subgroups suggests that coefficients on these interaction terms are jointly insignificant. That is, there are no statistically significant differences in the pattern of ICT test scores across population subgroups for those working in and outside of these industries (occupations). Of course, this could be partly due to small sample sizes. (2) and (6) of Table 6 , we introduce a dummy variable indicating whether an individual works in an ICT industry and interaction terms between this indicator and the immigration classes. Men who work in the ICT industry obtain a 10 percent premium compared with their counterparts in other industries. In contrast, women working in ICT do not enjoy such a premium. These results remain unchanged when controlling for covariates as in columns (3) and (7) or columns (4) 
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by ordinary least squares, where BasicICT i are individual PSTRE scores. For interpretation, it is important to note that whereas in the descriptive statistics to this point we have presented simple test scores, in the regressions we standardize all three test score variables to a mean of zero and a standard deviation of 1. 14 Where relevant, therefore, the units of measure of the coefficients involve standard deviations of test scores. The nine population subgroups are represented by PopGroup, a vector of indicators with the third-generation omitted, and X, a vector of control variables that change across specifications. Covariates include age and age 2 , education (below high school, high school diploma, post-secondary education [PSE] less than a bachelor's degree [college or trade school], and PSE with a bachelor's degree or higher), and geography (11 provincial indicators and four urban-rural ones). We control for whether individuals obtained their education in a foreign country and whether an individual graduated with a science, technology, engineering, or mathematics degree. The foreign education indicator is individuals' self-reported highest level of qualification attained outside of Canada. As indicated in Table 3 , a large proportion of immigrants and a quarter of individuals who are Canadian born overseas obtained their highest level of education outside of Canada. A small percentage of second-and third-generation Canadians attained their education in a foreign country. By design, we do not account for years since migration, because we are interested in differences holding age constant. We address age at immigration (which is jointly collinear with years since migration and age) by separating our sample into adult and child immigrants. In some specifications, we include interactions between foreign education and the highest education attainment. The βs are coefficients to be estimated, and є is a possibly heteroskedastic error term. The vector of coefficient β 1 shows the average standard deviation PSTRE scores of each immigration category. Because the 2012 Programme for the International Assessment of Adult Competencies requires individuals to have computer skills and language ability to identify and solve problems given to them in PSTRE and because all test scores are highly correlated, β 1 picks up differences in both basic computer skills and language ability among immigrants and Canadian categories.
15 Because of the cross-sectional nature of our data, we are unable to clearly distinguish ageing and cohort effects of the coefficient on age.
In the second part of the analysis, we estimate the following individual-level wage regression, by sex:
where In(HourlyWage i ) is the natural logarithm of gross hourly wages earned by individuals i, the s are coefficients to be estimated, and is a potentially heteroskedastic error term. Hourly wages at the top 0.5 percent are recoded to $C112.98. 16 In subsequent specifications, the BasicICT and selected X variables are added to observe how the PopGroup coefficients change. Similarly, the BasicICT scores are standardized scores. The coefficient γ 1 can be interpreted as the percentage of change in hourly wages with a one-standard-deviation increase in basic ICT scores. Equation (2) is estimated on two distinct subsamples of respondents with valid hourly wages: initially those with an ICT score and subsequently the entire population, using as regressors those variables at the top of Table 2 that indicate why individuals do not have an ICT score. Contrasting across these two regressions allows us to understand the labour market outcomes of those without ICT scores relative to those with them. Of relevance to both models is that the survey design and prerelease data preparation are quite complex (and somewhat opaque). Notably, no individual has a single BasicICT score. Rather, everyone has 10 individual-specific plausible values for PSTRE. These plausible values are designed to provide information not about individuals, but about the populations they represent. Thus, estimated coefficients are calculated using all 10 plausible values, and the delete-one jackknife is used to calculate standard errors for inference. 17 We further look at the sample of individuals with a valid hourly wage, regardless of whether they have valid basic ICT scores. We separate individuals into six categories: no prior computer experience, failed ICT core test, refused to take computer-based tests, low basic ICT scores (< 241 points), medium basic ICT scores (241 to < 291 points), and high basic ICT scores (≥ 291). Other covariates are as described earlier. Appendix B 2 /100). We include individuals who are currently employed at the time of survey and who were employed in the past 12 months leading to the survey. However, we have dropped individuals who have missing information for each respective column. The ordinary least squares method was used to calculate point estimates using all given plausible values of PSTRE in PIAAC 2012. ICT = information and communication technology; PIAAC = Programme for the International Assessment of Adult Competencies; PSTRE = problem solving in technology-rich environments. a "Do you use a computer in your current (last) job?" (1 = yes; 0 = no). b "In your current (last) job, how often do you usually use email?" (1 = some use of email [ranging from less than once a month to every day]; 0 = never used). c "In your current (last) job, how often do you usually use spreadsheets software, for example, Excel?" (1 = some use of Excel (ranging from less than once a month to every day); 0 = never used). d "In your current (last) job, how often do you usually use word processor, for example, Word?" (1 = some use of Word (ranging from less than once a month to every day); 0 = never used). e "In your current (last) job, how often do you usually use a programming language to program or write computer code?" (1 = some use of programming language (ranging from less than once a month to every day); 0 = never used). f "What level of computer use was needed to perform your current (last) job?" (1 = individuals who answered "complex"; 0 = everyone else [straightforward and moderate]). g "Do you think you have the computer skills you need to perform your current (last) job well?" (1 = yes; 0 = everyone else). h "Has a lack of computer skills affected your chances of being hired for a job or getting a promotion or a pay raise?" (1 = yes; 0 = everyone else). * p < 0.05; ** p < 0.01; *** p < 0.001. Only men and women with valid PSTRE scores were included. All replicate weights were used to derive standard errors following the delete-one jackknife method outlined in Organisation for Economic Co-operation and Development (2013a). The sample includes individuals aged 22-59 years who self-reported positive earnings. These individuals include young immigrants who migrated before age 13 and were second-or third-generation Canadians whose highest educational attainment was a bachelor's degree. The omitted group is individuals who live in large urban population centers in Ontario. We controlled only for age and its squared in the "Age-adjusted" column. Notes: Standard errors are in parentheses. Empty cells indicate that the respective independent variable was not included in the regression analysis. The dependent variable was Prob(Employed in ICT occupations = 1). The analysis was done separately for men and women. The ordinary least squares method was used to calculate point estimates using all given plausible values of PSTRE, literacy, and numeracy in PIAAC 2012. Only men and women with valid PSTRE scores were included. All replicate weights were used to derive standard errors following the delete-one jackknife method outlined in Organisation for Economic Co-operation and Development (2013a). The sample includes individuals aged 22-59 years who self-reported positive earnings. These individuals include young immigrants who migrated before age 13 years and were second-or thirdgeneration Canadians whose highest educational attainment was a bachelor's degree. The omitted group is individuals who live in large urban population centers in Ontario. We controlled only for age and its squared in the Age-adjusted column. In the Full control columns, we include covariates, such as the highest educational attainment, an indicator of whether an individual obtained a STEM degree at the bachelor's degree or above or college-trade level, rural-urban indicators, and province dummy variables. PIAAC = Programme for the International Assessment of Adult Competencies; PSTRE = problem solving in technology-rich environments; STEM = science, technology, engineering, and mathematics. Notes: Standard errors are in parentheses. Empty cells indicate that the respective independent variable was not included in the regression analysis. The dependent variable was basic ICT scores (i.e., PSTRE test scores). The analysis was done separately for men and women. The ordinary least squares method was used to calculate point estimates using all given plausible values of PSTRE in PIAAC 2012. Only men and women with valid PSTRE test scores were included. All replicate weights were used to derive standard errors following the delete-one jackknife method outlined in Organisation for Economic Co-operation and Development (2013a). The omitted group is third-generation Canadians who live in large urban population centers in Ontario and obtained a high school diploma as the highest educational attainment in Canada. ICT = information and communication technology; N = variable was not included in the regression analysis; n/a = not applicable; PIAAC = Programme for the International Assessment of Adult Competencies; PSTRE = problem-solving in technology-rich environments; STEM = science, technology, engineering, and mathematics; Y = variable was controlled for in the regression analysis.
* p < 0.05; ** p < 0.01; *** p < 0.001. n/a n/a n/a n/a Interaction < High school × foreign education n/a n/a n/a n/a High school × foreign education n/a n/a n/a n/a Other covariates Notes: Standard errors are in parentheses. Empty cells indicate that the respective independent variable was not included in the regression analysis. The dependent variable is Basic ICT scores (i.e., PSTRE test scores). The analysis was done separately for men and women. The ordinary least squares method was employed to calculate point estimates using all given plausible values of PSTRE in PIAAC 2012. Only men and woman with valid PSTRE test scores were included. All replicate weights were used to derive standard errors following the delete-one jackknife method outlined in Organisation for Economic Co-operation and Development (2013a). The omitted group is third-generation Canadians who live in large urban population centers in Ontario and obtained a high school diploma as the highest educational attainment in Canada. ICT = information and communication technology; N = variable was not included in the regression analysis; n/a = not applicable; PIAAC = Programme for the International Assessment of Adult Competencies; PSTRE = problem-solving in technology-rich environments; STEM = science, technology, engineering, and mathematics; Y = variable was controlled for in the regression analysis.
* p < 0.05; ** p < 0.01; *** p < 0.001. n/a n/a n/a n/a n/a n/a Other covariates 
